[Third Edition.] 



PATENT SPECIFICATION. 

Application Date ; May IP, 19*3. No. 7941 j 43. 569,388 

Complete Specification Left ; Jan, 14, 1944. 

Complete Specification Accepted ; May 22, 1946. 

PROVISIONAL SP^CIFIOATION. 

Improvements in or relating to the Formation ot Adherent Silver 
Films cm Non-Metallic Surfaces. 



We, Stan da bp Telephones amd Cables 
Limited, a British Company, Archibald 
Alan New and Emrys LLewj&llyh Body- 
combe, both British Subjects, aB of 
5 Conoaugibt House, 68, AJdwyeh, London, 
W.C.2, do hereby deotere the injure of 
tMa invention to be as follow* : — 

This indention elates ito the formation 
of tadherent silver films on non-metaJhc 
10 surfaces. It relates more particularly to 
the formation of a paste or suspension con- 
-tekhring , silver which is suitable for brush- 
ing, spraying at printing on »on-metalKc 
surface*, by means of which tigfcfly ad- 
15 thereat silver fikns may be formed on noo- 
roeta*Ilic surfaces for decorative, mirror 
' and eiectrical purposes. One of the main 
use* of the invention js the formation of 
electrodes of electrics?! condensers, such as 
20 severed mica condensers. 

« Suspensions of #ie noble metals in 
various oils or resins have .been known for 
a long time, but <hav* the disadvantages 
that they must be fired at « high tempera* 
25 tur* of the order of 500—000° C. in order 
ito tarn of the last traces of the resinous 
binding materials, that they do no* give ta 
mirror finish by direct application, and 
tibcri if used for electrical (purpose* they 
B0 yield bad or capricious results when itihe 
power factors of the condensers are 
measured. In some oases the power factor 
of the condensers can he improved by after 
treatment, but this in itself is undeairabfe 
35 heoause it introduces additional processes. 
We huve found J&nvt in order to get good 
adbewiori and mirror surfaces it is neces- 
sary to employ powders with a particle aire 
less than 1/* and. preferably averaging 
40 about O.lp, and these when applied to 
mica or similar good dielectric give con* 
densers of particularly good power factor. 
According to one feature of the present 
invention a finely divided silver powder is 
45 produced by chemical prwir^etftm in the 
presence of a protective colloid. Th& pre* 
oipr4»te so formed (Jafter washing) may 
then he- formed into a paste writable f or 
^ brushing, printing or spraying with a 
50 liquid soluble in ,*water to tfho extent to 
which it is ns*d which can bo completely 
boiled off below 850* 0. such nc glycetpl, 
ethylene glycol, water or erttiy] alcohol. 
IPtme 



la *& modification, instead of using a 
precipitate of silver to form the paste or 55 
suspension we use a precipitate of a silver, 
salt which decomposes below 350° C, the 
other constituents of which are completely 
driven off by heat aft or below that tana 
perature. An example is silver formate. 60 

In the use of chemical methods to attain 
the necessary &maH particle size, yielding 
a satisfactory film, certain general prin- 
ciples mu£t be observed. 11he> precipita- 
tion mtust take place from solutions* of high 05 
concentration > the viscosity of the solu- 
tions must he high •and the precipitated 
particles when fonmed must be peptiaed or 
stabilised. These last two requirements 
can he met by the addition of <s> small per- 70 
centage of an organic compound of high 
molecular, -weight . snob «e gelatine or 
liquorice extract. If silver is the precipi- 
tate, ft must be formed at elevated 
temperatures. 75 

Satisfactory results cannot be obtained 
by the use of residual iron as in the case 
of the well known Carey Lea type of col- 
loidal silver. With felus silver the adhesion 
obtained is not sufficiently high and. when 80 
used for condensers tins power factor is 
high. Moreover, It is not possible to pro- 
pare a dense enough paste from «thns silver 
to give really continuous films s-ucfc as are 
necessary for electric condenser electrodes. 65 

In order to maintain the sum ft partioJe 
size and avoid any coagulation of the pre- 
cipitate it is desirable to • use a liquid 
vehicle for toe paste which is mwtu&By 
soluble Wfth water to the extent to which 90 
it is used, and we have found water itself, 
glycerol, ethylene glycol, efthyl alcohol, 
and metbyi alcohol to be suitable. The 
choice of h'quid is governed by the speed 
of drying desired, this latter varying 05 
according to the process by which the 
paste or solution is to he applied, e.g. 
rapid drying is necessary in * spraying 
paste whereas comparatively slow drying 
is required in « printing paafce. 100 
Exakpl* 1. 
A solution (A) is prepared from; 
Silver nitrate * - - 25 grams 

Gedotine 1 gram 

Distillled water - - - 50 c.c. 105 
The gelatine is swelled coSd in a little 



of tihe water firsl and «tihe remainder added 
•hot witto stirring; the silVer nitrate being 
rthe-n addled in powder toi and starred 
till dissolved without further beating. 
5 A second solution (B) of 15 grains oi 
ammonium formate in 50 cc. of distilled 
water is also prepared. 

Solution A is placed in a large vessel 
(to -allow lor ike frothing thai takes place 
10 later) and is nested to 90' C. ± 5° C. Solu- 
tion B is ateo heuted to the same tempera- 
ture and is then added to solution A wtftfh 
thorough mixing. A vigorous cewfcion 
taken place and silver nitrate is reduced 
15 »to extremely finely divided metallic salver. 
When the reaction is complete tire sal- 
ver is separated *by centrifuging and tfae 
separated stt/fid is washed by vigorous 
stirring in 1\ litres of (KsLffled water. The 
20 silver Is again separaited by eentrifuging. 
The washing process is repented uwtaT a 
sample of the paste made np witto tfee sil- 
ver and one of the liquids mentioned above 
yields when applied to mica and burnt off 
25 at 250°— -275* C. an eteotrical condenser 
having a power factor lower than 0.000a a* 
1 Re, 

A brushing or prmting paste is pre- 
pared by adding pure glycerine to -the wet 
:io silver powder, prepared as above, with 
vigorous starring un*H the required con- 
sistency ie obtained. 

A spraying peGrbe is obtained by adding 
to the wet silver powder with vigorous 
35 stirring, water, ethylene glycol, ethyl 
urieo'hol or diethyl •meohol. A little gly- 
cerin* may be added if desired. A spray- 
ing paste may also be obtained hy adding 
water, methyl afcohrfl or ethyl alcobol to 
40 *he brushing paste. 

Example 2. 
Rotation A: — 

Silver nitraite - - 500 grams* 
Gelatine - * - 27*5 grams 
45 Water (distilled) 1800 cc. 

The gelatine is swelled cold m a little 
of the wace-r first, and the reiirahuler ftdded 
hot with stirring. The silver nitrate is 
added in powder mrm and stirred until 
50 dissolved without further heating. 



The solution is poured into a 20 litre 
bowl and allowed to cool, wtoen W0 grams 
of powdered solid ammonium formate are 
added with stirring until the resuitaot 
precipitate of silver formate ^ is homo* 55 
geueously dispersed in the Hqukl. 

The bowl is then placed in a water betih 
at 80* C* and srtirrod untfl the reaction, 
which is violent, hue ceased and silver is 
completely precipitated. 60 

The srJver is separated by means of a 
ISharples Super centrifuge at a speed of 
25,000 r.p.ro. until leBS than 1 gram of sil- 
ver is left in Uhe liquid. The silver con- 
tains excess gelatine and this is removed 65 
by agitating violently at 60*— W° C for 
some hours with distilled water. 

The suspension is again centrifuged to 
obtain the puriiied sliver. As it is diffi- 
cult to control the above mentioned wash- 70 
big proves* so as to remove ju&i the re- 
quired excess of gelatine, the process is 
continued to remove more gelatine than is 
required to be removed. The wet silver is 
then made-up into a paste wrbh the re- 75 
quired vehicle and a little gelatine. 

Pastes obtained as in either of the above 
examples, when brushed or sprayed on 
snfroble laminations of mica which are 
then tired at 250°-*30C>° C. for 10 to 15 80 
minutes, yield silvered mica condensers • 
having power factors from 0.00006 to 
0,<)008 when measured at 1 Kc. per sec. 

Although the invention has been de- 
scribed primarily for the purpose of sil- 85 
vered mica condensers, mirror surfaces 
may be formed on amootn transparent 
fifheat* material such as glass, quart* or 
mica by brushing, spraying or printing a 
puste prepared as above described on to 90 
die sheet and burning off at a temperature 
below 350* C. or even as low as 250* C. 
The mirror surface is seen through the 
base material. 
Dated ghis 181b day of May, A.D. 1943. 
EBNKST K. TOWLEB, 
Chartered Patent Agent* 
Agent for the Applicants, 
Connaught House, 
68, Aldwvoh. London. W.C.2. 



COMPLETE SPECIFICATION 

Improvements in or relating to the Formation of Adherent Silver 
Films on Non-Metallic Surfaces, 



95 We, Standard Telephone* and Cables 
Limited, a British Company, Archibald 
ArjtN New and Kmhvs LrlRWBU/rN Body- 
combb, both British Subjects, ail of 
Connaught House. 6ft, Aldwych, London, 

100 \VX\2, England, do hereby declare the 
nature of tins m version and in whet man- 



ner the same is to he performed, to be par- 
ticularly described and ascertained in and 
by the following Mvatemen* : — «, 

This invention relates ro the formation 105 
of adherent stiver films on non-metallic 
surfaces, to Bilver pastes suitable for use 
fa* tlrat pnupose and to the manufacture 
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of finely comminuted silver suitable for 
incorporation in such paste. One of tibe 
main uses of riie hrventrioji is the fowiw- 
tion of electrodes of electrical condensers, 
5 such us silvered mica condensere. 

Suspension* of the noble metal* in 
various oik or resins imve been known for 
a long rime, but have the disadvantages 
$ho& they nrust be tired at a high tempera- 

10 t*ure of the order of 500—600* C. in order 
to bum off the last traces of the resinous 
:bindartg materials. that tfhey do not give 
a mirror finish by direct apphcattton, and 
that if used for electrical purposes they 

15 yield bud or capricious results when 

(power factors of the. cttndeneer* are 
measured. In some cases tfce power fac- 
tor of tbe coodeneers can be unproved by 
after treatment, but this in itself is un- 

20 desirable because it introduces addition*! 
processes. 

It has been proposed to metallise fibrous 
irreteriivJe by wmnersiDg tbem in a silver 
salt solution, precipitating silver from 

25 said solution on to the fibrous material by' 
means of a reducing agent m the presence 
of colloidal substances end conaolidAtips 
■the precipitated metal to a ienacious coat- 
ing by subjecting irt to mechaoieal treat- 

80 ment It has also been proposed to pro- 
duce un electrode on the mica dielectric 
of an electrical condenser by applying to 
•the mica u compound of silver such o« 
silver oxide and a readily vofotilisable re- 

05 ducing agent such <as ammonium formate. 
According to one feature of the presen* 
invention finely .comminuted w?hrer is 
Uflinufitctured by reacting together era- 
monhvm formate and tt water solution of 

40 silver nitrate in the presence of a protec- 
tive colloid. 

We have fouaid that in order to get good 
adhesion and mirror surfaces with a paste 
con-taming metallic silver it is necessary to 

45 employ powders with a particle size leas 
than In, and preferably averaging about 
0.1/i, and these when applied to mica or 
similar good dicJw*ric give condenser* of 
particularly good power factor. 

50 According to another feature of the in- 
vention, therefore, the manufacture of 
finely comminuted silver is carried out by 
precipitating silver from a solution of 
high concentration and high viscosity at 

55 ail elevated tempera* ore and pep losing or 
stabilising the precipitated particles. 

Thi« may' be earned out by making the 
precipitation from a solitfrion of a silver 
#al* of high concentration containing a di«~ 

00 solved organic compound of high mole- 
tMikir weiglit and stable at Une precipitat- 
ing temperature swell as gelatine or 
liquorice extract. 

Satisfactory results cannot be obtained 

65 by the use of residual iron as in the case of 



the well known Carey Lea type of col- 
ioidtil silver. Witih this siivei the ad- 
hesion obtained when the silver is made 
into a paste and the paste is appHed to a 
surface is not sufficiently high and when 70 
used for condensers the power factor is 
highf Moreover! it is not possible to pre- 
pare a dense enough paste from this stiver 
to give really continuous films such ae are 
necessary for electric condenser electrodes. 75 

Acwrding to a further feature of the 
invention the manufacture of an adherent 
rt'hu of finely comminuted silver upon a 
non-metallic surface is carried out by pre- 
cipitatfrtg silver in the presence of a pro* 80 
tective colloid,' mixing the precipitant 
with other constituents to form a paste, 
applying t?he paste to the said surface, and 
applying heat to drive off the non-silver 
constituents. 85 

Hie* precrpitaite (after wmhing) may be 
mixed into .a parte suitable for bruehiug, 
printing or spraying. In order to main- 
tain tint HiiK*n part it? Uf «r«e and avoid any 
coagulation of the precipitate it is desk- 90 
able u» use a liquid vubkle for the paste 
whicyh is mutually soluble with water to 
Hie extent to which it is used and we have 
found water itself, glycerol, ethylene gly- 
col, ethyl alcohol, and methyl alcohol to 95 
be suitable. It is desirable, in order to 
obtain a uniform coating of good adhesion 
and free from foreign particles, UW» the 
liquid wftih wMch tfhe washed silver is (to 
he mixed ahouk! have u boiling poinit be- 100 
low 850* 0. The choice of liquid is 
governed by the speed of drying desired, 
tins ktter varying according to the pro- 
cess by whitsb the parte or. solution k. to 
be applied, e.g. rapid drying is necessary 105 
in a spraying paste whereas comparatively 
slow drying is required in a printing 
paste. 

It may be necessary to add to the paste 
sufficient 'high molecular wergM. water* 110 
so] uble organic substance .to bring the 
total percentage weignfc of suxih substances 
up to not more than 5% of the weight of 
paste.. 

Example 1. 115 
A solution (A) is prepared from : 
Silver nftrate - - - 25 'grams 
Gelatine . - - - 1 gram 
Distilled water - • 50 c.c. 
The gelatine h swelled cold in a Ifttfie 120 
of the waiter first and the remainder added 
hot wftb stirring; the silver nrtrwte being 
t«hen added in powder form and stirred tm 
dissolved wrtohout further heating. 

A second solution (B) of 15 gleams of 125 
ammonium formate in 50 c.c. of distilled 
water is jifeo prepare!. 

Solution A is placed in a large vessel (to 
allow for the frotbing that takes place 
later) and h heated to 90* 0. ± 5* C. Soln- 180 
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tton B is also heated to the some tempera- 
ture and is then added to solution A with 
thorough, mixing- A vigorous reaction 
.takes place and silver nitrate is reduced 
5 to extremely finely divided metallic ailver. 
When the reaction is complete the silver 
w separated by c*»tri*U£$ng with a cen- 
trifuge wfiose separating force is at least 
500 times that of gravity, and the sepa- 

10 rated solid is washed by vigorous stirring 
in H litre* ti distifled water. The sMver 
is Again separated by eewtdfughig. The 
washing process is repeated until a sample 
of the paste is mode up with the silver and 

15 one of the liquids mentioned above yields 
when upplied to mica and burnt oft at 
250* — 275° C. an electrical condenser hav- 
ing a power factor lower than 0.0004 at 1 
Kf . per second. 

20 A brushing or printing paste is prepared 
by adding pure glycerine to the wet silver 
powder, prepared as" above, witih vigorous 
stirring until tfce required consistency h 
obtained, 

25 A spraying paste is obtained by adding 
tto tbe* wet silver powder, wrth vigorous 
stirring, water, ethylene glycol, ethyl 
iilcoliol or methyl ateohoi. A little gly- 
cerine may he adde4 if desired. A spray- 

:H> ing paste may also he obtained by adding 
water, methyl alcohol or ethyl alcohol to 
the brushing paste. 

Solution A: — 
85 Silver nitrate - 500 grams 
Gelatine - - - - 27.5 grams 
Water (distilled) 1800 c.c. 
The gelatine h swelled cold in a little 
of fllie w?ter first, and tike remainder added 
40 hot wtth stirring. The silver nitrate is 
added in powder form and stirred until 
dissolved without further heating. 

The solution is poured into a 20 tttare howl 
iind allowed to cool, when HD0 grams of 
45 powdered solid -ammonium formate are 
added with «tirrmg untfl flfoe resultant 
precipitate of silver formate is Jiomo- 
geneously dispersed in the liquid. 
The howl is then pta-cd in a water bath 
50 at 80* C. and stirred until me reaction, 
which is violent, has ceased and silver is 
completely precipitated. The temperature 
rises due to the reaction but should - he 
* kept at 80* C.-*100* O., preferably 85" C. 
55 The silver is , separated by means of a 
Sharpies Super centrifuge at a speed of 
25.000 r.p.m. until less than 1 gram of 
sflver is left in the liquid. The silver 
contains excess gelatine and tfcis is re* 
60 moved by agitating violently at 60* — 80* 
C. for some hours with distitied water. 

The suspension is a#ain centrifuged to 
obtain the purified silver. As it k diffi- 
cult to control ttoe above- mentioned wnsh- 
05 ing process so as to remove just the re* 



quired excess of gelatine, the process » 
continued to remove more gelatine than is 
required to be removed. The wet silver 
is then mod* up into « paefce with the re- 
quired vehicle and a little gelatine. * 70 

Pastes obtained as in either, of the above 
examples, when brosfoed or sprayed on 
surramV laminations of mica which are 
then fired at 250*— 800° for 5 to 15 
minutes (qt even shorter times at higher 75 
temperatures up to 350* C, although the 
latter ease n*ed* critical control) yield evl- 
vered mica condensers 'having power fac- 
tors from 0.00005 to 0.0f»06 when measured 
at 1 Kc. per second. 

Although the Invention has been de- 
scribed primarily for the purpose of sil- 
vered infra condensers, mirror surfaces 
may he formed on smooth transparent 
shwfc material such as glass, quartz or 85 
mica by btfushmpr. spraying or printing a 
pu*te prepared as above described on to the 
sheet and burning off at a temperature be- 
low 350* C. or even *s low as 250* C. The 
mirror surface is seen through the base 90 
material. 

Having now particularly described and 
n^ceitnined the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 95 
claim is : — 

1. The manufacture of finely com- 
mirqrted silver by reacting together am- 
monium formate and a water solution of 
silver nitrate in the presence of a protec- 100 
tive colloid. 

2. The manufacture of finely com- 
minuted silver by reacting together water 
solutions of silver nitrate and arnmeavoum 
formate in the "presence of a protective 105 
colloid. 

6\ The manufacture of finely com- 
minuted silver by precipitating silver from 
a solution of high concentration and high 
viscosity at an elevated temperature and 110 
peptizing or stabilising the precipitated 
particles* 

4. The manufacture as claimed in 
Cfcthn 8 in which the precipitating of sil- 
ver i* from a solution of a silver salt of J 15 
high concentration containing a dissolved 
organic compoimd of high molecular 
weight and stable at the precipitating 
temperature. 

5. The manufacture of finely com- 120 
minuted silver by mixing when cold 
powdered ftoJirl ammonium formate with a 
concentrated water solution of silver 
nitrate containing a little gelatine, and 
healing to a temperature of «0° — 100° C. t 125 
preferably about 85* C. 

6. ^ The manufacture of a silver paste for 
application to a surfae* by brusfring, 
printing or spraying, comprising the 
manufacture of finely comminuted silwr 1JJ0 
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as clainied in any of Abe preceding Claims 
and the mixing of said silver wiuh a liquid 
mutually soluble with water to the extent 
to which it is used to form a piwte. 
5 7. The manufacture of a silver paste for 
application bo a surface by brushing, 
printing or spraying, comprising fche 
manufacture of finely co»umiiO ! £ed silver 
as claimed in any of the Claim* 1 to 5. 

10 separation of the said silver by repeated 
centrifnglug with a centrifuge whose sepa- 
rutang force is at least 600 fcirow that of 
gravity and washing and finally mixing 
ibe separated silvvr with a liquid mutu- 

15 arty soluble with water to ihe extent to 
wuVh it is used, and adding, if necessary, 
sufficient gelatine or other liigti molecular 
weight water-soluble organic stfbsttance to 
bring the total percentage weight of <njch 

20 substance up U> not more thim 5% of t!he 
weiglrt of paste 

8. The manufacture of an adherent film 
of si her upon a lion -metallic mniaee which 
comprises precipitating silver in the man- 

»2o ner dawned in any of the Claims 1 to 5, 
mixing into a paste wHfo a liquid wfcich 
is mutually soluble wkh the water in the 
precipitate supplying the paste to tfoe said 
surface and burning off. 

m 0, The manufacture of an adherent film 
of finely conn i limited silver upon a noo- 
metallic -surface by precipitating silver in 
the presence of a protective colloid, mix* 
ing the precipitant with other constituents 

Mu to form a push?, applying said paste to the 
«aid wurface. and applying heat- to drive off 
the non-silver constituent*. 

10. The manufacture of a* adherent 
film of silver upon a non-metallic surface 

U) by reducing a strong water Bokriaoi) of 
* silver salt whose visuosity has. been sub- 
shmtiaHy increased by ihe addition of a 
high- molecular weight water-soluble or- 
ganic substance, washing the silver, so 

45 formed, incorporating tine washed silver 
with a little of said organic substance in 
a sufficient quantity of liquid mutually 



•wlubie wjtih Hhe water present having a 
boiling point below *WWT C. to yield a 
paste ov suspension suitubl* for applies- 50 
tion to said surface, applying said paste 
or suspension to said surface, and firing at 
a temperature below 850° C. 

31 . The manufacture as claimed in 
Claim 10 in which said "silver saK is silver 55 
nitrate. 

12. The manufacture as claimed m 
Claim 10 or 11 in whicfo said organic sub- 
stance is gelatine. 

13. T-he manufacture as claimed in 60 
Claim 10 or 11 in w*hich said organic sub- 
stance is liquorice extract. 

14. The manufacture as claimed in 
Claim 10, 11, 12 or 18, in wMck said 
liquid k water. 65 

15. The manufacture as claimed in 
Claim 10, 11, 12 or 18 in which said liquid 
is glvcwol, 

16. The manufacture us claimed in 
Claim 10. 11, 12 or IS in which said liquid 70 
is ethylene glycol. 

17. The manufacture as clakaed in 
Claim 10. 11. 12 or 18 in which said liquid 
is etdiyl alcohol. 

IK. The manufacture as claimed in 75 
Claim 10, 11, 12 or IB in whido said liquid 
is methyl alcohol. 

19. The 'manufacture as claimed in 
any of Claims M to IB in Whfah the surface 

is of mien. 80 

20. The manufacture of an electrical 
condenser hy use of the manufacture as 
churned in any (A Chum* 8 to 19. 

31. The manufacture of electrical con- 
densers specifically as described in Ex- £5 
ample 1 or Kxuuipl* 2 

Dated thi* 14tfo day of January, A.D. 
1044. 

lvRNEST E. TOWLEK, 
(Chartered Patent A^erot, 
Agent for the Applicants, 
Connaught House, 
63, Atdwych, London. W.C.2. 
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